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ABSTRACT 

For the purpose of evaluating the resistance of materials to the 

thermal -vliation of atomic explosions, the critical thermal energies 

of wood and fibre board packaging materials, submitted by tne Bureau 

of Supplies ind Accosts, were determined by exposing the materials 

to the Material Laboratory carbon-arc source of thermal radiation and 

examining the consequent damage. It was found that initial effects 

occur on woods in the range between 3*6  *&d 8.8 cal/ca3 and on fibre ) 

boards between 5.1 and 6.2 cal/cm3 wie? the radiation is applied at a 

rate of 85 cal/cm2 sec. Temporary flaming occurred at radiant ex- 

posures between 6.5 and 13 cal/cm3 for the woods and between 8 and 

13 cal/cm* for the fibreboards; on the other hand, flame propagation 

was not observed for radiant exposures up to 107 cal/cm3. Of the 

fibre boards evaluated, the laminated boards offer higher resistance 

to thermal radiation than the corrugated boards. 
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3.    The critical thermal energies of the packaging materials were determined 
by exposing them to the Material Laboratory carbo*-aTc soorce of thermal 
radiation.    The source consists of an 11-mm. carbon arc mounted at the focus 
of a mirror which  ;.>Uimate3 the ?.nUed energy;  a second uirror, which is 
mounted coaxi&lly at a distance o* ?2 feet from tne collimatcr, condenses 
the radiation  to the rsirro:!s focos.    Gradations of thermal damage are 

• 

- 

Ref:       (a) CGiiNYKNAVShlPYD ltr C-099/L5, Ser 0-960-92, of 14 Kar 1950 
5bl  BDSHI1^ restr spdltr, S99-<oM348>,  Ser 348-75,  of 6 Apr 1950 

Kncl:     til Critical Thermal Energies of Wood Materials Bxposed to Thermal 
Radiation 

(2) Critical Thermal Suerjjies of Fibreboard Materials Exposed to 
Thermal Radiation 

AUTHORITY 

x.    This investigation  is part of t'.;e proar-im proposer) by reference Ia4 
and fo-.-aaliy <32*.horized by reference   'b).    "ihe general Thermal Radiation 
program is under the supervision of the Armec Forces Special Weapons Project. 

UTftOOOCTION 

2.-   As part of its genere! program on the effects of the therms radiation 
of atomic explosions on materials,  the Material Latorator/ is evaluating 
the characteristics under exposure to thermal radiation of the various 
materials ncder tie cognizance n* the several agencies of the Department 
of Defense.    As data become available,  taese findings are published.    In 
thi3 report, the critical thermal energies of packaging materials submitted 
by the Bureau of Supplies and Accountu of the Na*/ department   ire indicated. 
The materials <»v*].uated include? woods and fibreBcfrfds.- j 
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E<H'<I<W*T  AN*  UCTiJODS   OF   EXPOSURE <, 
! 

1 

i 

CONFIDENTIAL , j 



CONPIDSNTIAT 
Lub. Project so*»6-2,  Part as 
Meal P*pr>rt 

obtained by varying the effective exposure time through accelerating a 
ix^-inch sample which soves traisversely through the focus.    The rate of 
application of energy was 8*-'cai/c«H sec over a central target area, a mm 
wide. 

4. 1'ne degree and extent of tuereaL damage was determined bj Tisual ob- 
servation of the materials following exposure. 

RF.SULTS 

5. The ^rit?c«»i thermal energies of lee woods and fibreboards were de- 
fined as those which produce certain .:naracteristic, reproducible effects 
on the materials such as scorching, charring, and destruction.    The 
critical thermal energies are listed in enclosures  ii)  and (a). 

6. It may be noted th*t tbe T«aborav.ory exposures have bee? produced 
under highly controlled conditions and, as a rule, give/ results which can 
be reproduced very well,    Sowever,  for several  reasons the data of 
enclosures  •i) and (a(  *ast be used with cast ion.    The effects to be 
observed on nateri?! samples fi*eot:eatly remain unchanged orer a considerable 
r»nge of exposures.-   Sin ? the sorfaoff effects are sot sufficieatly 
gradatfd for refined evaluation*, onlj tbe initial stages have been recorded. >' 
The effects on material surfaces are influenced by such factors as «ouu:ing, 
geometry of naterial and of exposure, w-athering, and the moisture costent 
at lie rir* of exposure.    Deferences in density, absorptivity, chemical 
co*i>ositioa and particle siie are responsible lor variations  in effects 
which may be observed from area to area on the same material.    Liquids 
and L'aae« form daring exposure to thermal radiation, even in a period of 
less than one second,  thereby affecting the amount of thermal radiation 
incident on and absorbed by the. surface. 
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f,    Although fltniiig was observed during the exposures, a preipagatiag ileans 
~^> war. u^t ncted, ey&u at i.he maximum radiant exposure of 107 cal/cm2. 

SUMMARY 

8. The results :it    'is lores'igation may be summarized as fellows: 

I a. Dpt.-n exposure to the c^rbon-a-ic source of th' «n*.i radiation, the 

f fibre-boards suffer initial effects of SCO' ;ting at radiaat exposures 

ranging from 5.1 to 0.2 cal/cm2, and the woods at radiant exposures 

I ranging from 3.6 to 8.8 cal/cm2. 

P • • • 4 

b„    Under the same conditions,   the fibre-boards flaire    at radiant exposures 
raagia«J from (;.8 to 13 cal/cm2 and the woods at values ranging from 
6,5 to 13 cal/cm2, de^nding upon the type submitted.    On the other 
hasd.  now",  of the materials indicated a propagating flare or continued 

to bnrn after the exposure. 

c.    None of the matejr£al=> wegs* destroyed completely, but the euter laye rs 
of the fibrebcards were destroyed at radiant exposures ranging fret?! 
20 to "79 cal/c*:3'.  depend lag. upon the specific boards evaluated. 

a,«  The difference in resisuu^e  to thermal radiation between  the 
laminated and the corrugated fibreboards  is marked,;  the o».cer lae2rs 
of the two laminated boards were destroyed at 20 acd 24 cal/cm3. 
while those of the two corrugated boards were aestroyed at..35 &r^ 

49 cal/cm3. 

I -      ' 
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Critical Thersal Energies of Mood Materials 

Subaittei $?  The Bureau cf Supplies and account: 

• e. Material            D*ecription of Effects 
C.E. 

(cal/e.2) 

1 Wood, kth First grain chars             5.6 
frames durinj ex»-aure        li .3 
Second grain chc 4                                20 

! 2 Mood, Bass Ciiarr i no 
Fines during exposure 

5.5 

Mood, "Cedar Charring 
Ftaaet Surma eiposure 

*i.7 
6.5 

3 Mood, Fir First grain chars 
Second -train chars 
Flaaes dwring exposures 

IC 
li-13 

« Plywood, Fir First grain chars 
Second grain cha.-s, fleams 
dortna exofeur? 

3.6 

; n-13 
5 Mood. Oak First grain chars 

iocond ar-in shars, flaaies 
daring exposure 

a.i 

ll-l| 

Meoo, Kedwood First grain chars 
Second grain chars, flaaea 

daring exposure 

n.o 
6.8 

| Wood, Spruce First grain cfcars 
Second grain chars, flanea 

»*ring oxa>e»ere 

I.I 

7, Mood. 3ogar 7Tn9 t-iret grain ciari 
Socond grain chars. fla*»* 

Ojarina exposure 

8.8 

11 -13 
8 

i 
Mood. Tel !«»w Pine Writ grain c<ari            ,?•?- 

rjaoes daring exposure        li-13 
Second grain chars             19 

t 
i 
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Critical Thertsl  Energies of Fiber foarda 

Subaittnd By The turuu of Suopiie? and Accounts 

?0. Material Description of Effect 
C.E. 
(cel/c2) 

1 Fiber Board.   V2S. 
JM-f-108,  tT. 350 Ml, 

Scorching 
Flames during exposure 
Outer layer destroyed, 
Bonding material  exposed 

and seated 

6.2 
11-13 

20 
2 Fiber Board.  V3S. 

JW-P-i08    8.T.  275 P3I, 
Scorching 
Flaaiai during exposure 
Otrter layer destroyed 
Bonding material exposed 

and awlted 

8.8 
14 

I* 

3 Fiber Board.  VSC 
JJW-P-.U8 B.T.  360 PSJ 

Scorching 
Ffipef during ejsoeure 
Ofler layer destroyed 
Corrugated  inner  iayer 

dertroved 

5.6 
7.5 
l§ 

79 

% Fiber foerd. M5C. 
JAI-r-iM.  B.T. MO PS! 

Scorch !ng 
F*ee»s during exposure 
Ovter layer destroyed 
Corrugated inner layer 

deetroved 

5.5 
6.8 
35 

59 
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